Despite the widespread acceptance of US examination, its role as a screening tool for the evaluation of blunt abdominal trauma is still controversial. Brown and colleagues demonstrated that US examination is a very useful screening test, with high specificity and high overall accuracy, and recommended performing a CT scan only if there is a positive US examination or high clinical suspicion. 6 Other studies found that US misses retroperitoneal, parenchymal, and other intraabdominal injuries when used as a screening tool, leading the authors to recommend abandoning US as screening tool for stable patients. 7, 8 The evaluation of intoxicated patients and patients with a decreased level of consciousness is highly challenging because of the inability to perform a complete physical examination, and the role of US in the evaluation of these patients is not yet defined. 9 While acknowledging the role of US as a screening tool in these circumstances it is only logical to assume that like any other test it has its pitfalls. Ultrasonography is believed to be poor at diagnosing bowel and retroperitoneal injuries. We hypothesized that a lower Glasgow Comma Score (GCS) will correlate with a higher ISS and hence will increase the probability of missing intra abdominal injuries using US, making US a poor screening tool for low GCS patients. The types of injuries missed by US have been previously described, but not in correlation with the patient's GCS level. Determining the types of missed injuries will help clinicians to better evaluate blunt trauma patients while providing cost-effective care and preserving critical hospital imaging resources.
PATIENTS AND METHODS
Prospectively collected data from the trauma registry of a Level I trauma center was reviewed. All patients admitted with blunt trauma to the University of Miami, Ryder Trauma Center, Miami, FL from January 1, 1997 to September 9, 2001 were included in the cohort. The study was approved by the university's Institutional Review Board.
Ultrasound Protocol
Ultrasonography was performed after the primary survey by a member of the trauma team. All team members who performed the test had successfully passed the basic US course for surgeons at our institution. The level of training (resident, fellow, attending) and the corresponding accuracy of examiners at different levels were previously described by our group, 10 but were not assessed as part of this study. US was performed as previously described, and was aimed at the evaluation of Morrison's pouch, the perisplenic region, the pelvis and the pericardium for the presence or absence of fluid. The US was performed with either an ALOKA SSD 1000 (Aloka Co. Ltd., Wallingford, Conn.) or a SONOSITE 180 (Sonosite Ltd., Bothell, Wash.). A curved linear transducer was used and scanning was performed with a 3.5-MHz probe. An US examination was defined as positive if it demonstrated free intraperitoneal fluid.
Ultrasound results were classified as follows: True Positive (TP) ϭ patients who had either a positive US examination and a positive computerized tomography (CT), or a positive US examination Ϯ a negative CT who were operated upon and had a positive laparotomy. True Negative (TN) ϭ patients who had a negative US examination ϩ negative work-up (CT and/or negative observation). False Negative (FN) ϭ patients who had a negative US ϩ positive CT examination, a negative US and/or CT yet were operated upon and had a therapeutic laparotomy. False Positive (FP) ϭ patients who had a positive US ϩ negative work-up (CT and/or negative observation).
Statistical Analysis
Patients who had incomplete data were excluded. Demographics, physiologic and laboratory parameters were included in the univariate analysis. All patients in the trauma registry were followed for the full length of their hospital stay and both length of stay and discharge disposition information were available. Data are expressed as mean Ϯ SD or as proportions. A z-test was used for detecting differences in proportions and the student t test was used for continuous variables. A value of p Ͻ 0.05 was considered statistically significant. A linear correlation analysis was performed using a 2-tailed Pearson correlation coefficient, with significance defined as p Ͻ 0.05.
RESULTS
Our initial database consisted of 11,486 patients who were admitted urgently with the diagnosis of blunt trauma. There were 860 patients excluded because of hemodynamic instability; systolic blood pressure Ͻ90 mm Hg. Another 2,428 patients did not have an ultrasonographic examination and therefore, were excluded, together with another 176 patients who had incomplete data. There were 5,621 out of the remaining 7,952 men (70%), and 2331 were women (29%). The mean age was 36 with a SD of 18.9 years. The average injury severity score (ISS) was 18.4 with a SD of 10.7 (Table 1) .
There were 179 FN ultrasound examinations, demonstrated by CT or surgery. Of these patients, 132 had positive CT scan findings that did not require any surgical intervention. The remaining 47 patients in that group had positive laparotomies. There were 24 operated on for positive CT findings and 23 were operated on because of clinical judgment and physical examination even though six of these had a negative CT examination. The overall accuracy of the US was 89% with a sensitivity of 77% and a specificity of 97%. The positive predictive value (PPV) was 78% and negative predictive value (NPV) was 98%. The results of the ultrasonographic examinations and the stratification according to the GCS levels on admission are listed in Table 2 . The causes of the low GCS were head injury by CT (70%), shock (7%), 3-8  769  28  99  29  925  78  96  83  77  96  9  85  3  5  4  97  63  96  88  60  97  10  120  1  11  3  135  92  98  89  79  99  11  133  4  11  5  153  73  96  87  69  97  12  162  1  9  1  173  90  99  94  90  99  13  295  11  26  5  337  70  98  87  84  96  14  1,193  33  95  22  1,343  74  98  89  81  97  15  4,290  98  331  70  4,789  77  97  89  83  98  Total  7,047  179  587  139  7,952  77  97  89  78 98
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Volume 60 • Number 6intubated on scene (7%), and emergency department intubation on arrival (1%). Alcohol and drug intoxication were not routinely tested for and their role cannot be assessed. No statistical difference was demonstrated among the different GCS groups when comparing each group separately. There were 925 patients with a very low GCS (3-8) The accuracy of the US examination was found to be significantly lower in this group of patients compared with those with a higher GCS (9 -15) ( Table 3 ), but no differences in sensitivity, specificity, PPV, or NPV were demonstrated. The ultrasonographic examination had a significantly lower specificity, accuracy and NPV for women compared with men, as well as higher rates of FN examinations (Tables 1 and 4 ). The types of injuries missed by US are listed in Table 5 . Some of the patients had more than one missed injury. The most common missed injury was liver injury (38%) followed by spleen (23%), kidney (12%), urinary bladder (5.5%), mesentery (4.5%), retroperitoneum (4%), adrenal injury (4%), bowel injury (2.8%), major vessels (1.6%), pancreatic rupture (0.5%), gallbladder (0.5%), and other abdominal wall injury (0.5).
The overall major intra abdominal injuries by admission diagnosis are listed in Table 6 . The majority of the liver injuries were grade I (57%). Four of these patients had a laparotomy, of which two were operated on for other intraabdominal injuries. US did not miss any grade IV to V injuries in patients with GCS lower than 13. There was no statistical difference among the different GCS groups regarding missed liver injuries (Table 7 ). There were 77% of the splenic injuries that were grade I and II (77%). Only one grade IV injury was missed in a low GCS patient (Table 8) . No significant statistical difference in missed injuries was demonstrated among the different GCS groups. The Pearson correlation coefficient (r 2 ) was Ϫ0.012 with a two-tailed p value of 0.290. This demonstrates poor linear correlation between GCS and missed injuries. Higher ISS and age were not found to be risk factors for missed injuries by US. However, the GCS was found to be correlated with the ISS and base deficit levels (Pearson correlation coefficient (r 2 ) Ϫ0. 401 and Ϫ0.036 with two-tailed p values of 0.0001 and 0.04, respectively).
DISCUSSION
This study shows that the US examination is a good screening tool for most blunt abdominal trauma patients. A low GCS (3-8) and female gender are associated with lower accuracy of the test.
Ultrasonography is part of the routine evaluation of blunt abdominal trauma patients. Among its advantages are availability, high sensitivity, cost effectiveness, immediate results, and is performed with no risk to the patient. At our institution The Journal of TRAUMA Injury, Infection, and Critical Care US is performed by a variety of surgical residents, fellows, and attendings. Despite the widespread acceptance of US examination, its role as a screening tool for the evaluation of blunt trauma injury is still controversial. Despite recent controversy, the current study demonstrates that US examination is a good screening tool for most blunt abdominal trauma patients. A low GCS (3) (4) (5) (6) (7) (8) and female gender are associated with lower accuracy of the test. It also shows a linear correlation between the level of consciousness and the ISS. Although CT was also found to be effective as a screening tool for stable patients, it is already overused and conveys minimal benefit for patients without any physical signs suggesting injury. 11, 12 Overuse of CT and the economic implications of its use led to the idea that US examination is a good screening tool and can provide a faster, simpler and less expensive test. 1 Indeed, McKenney and colleagues demonstrated a significant cost reduction while using US as a screening tool. 5 Sirlin and colleagues suggested that a negative US combined with a 24 hour observation period effectively excludes all clinically relevant abdominal injuries. 13 In contrast, Miller and colleagues prospectively studied 359 patients and found a very low sensitivity for US (42%), leading the authors to recommend abandoning US as a screening tool. 14 Our results show that ultrasound is a very good screening tool even in the hands of nonradiology residents and personnel. The US examination had a specificity of 97% and a sensitivity of 77%, which are considered very high for screening tests. The sensitivity (77%) was calculated for all missed injuries and in fact reaches higher levels (82%) when nonoperative patients are excluded from the analysis. This level of high specificity (97%) has been demonstrated by others. 15 Shanmugathan and colleagues found that the most common missed intraperitoneal injuries were liver (32%), spleen (31%), and kidney (17%), followed by pancreatic and gastrointestinal organs. The missed retroperitoneal injury rates in their study reached 70% (14/20). 7 Our results correlate with their findings: liver injury (38%), spleen (23%), kidney (12%), urinary bladder (5.5%), mesentery (4.5%), retroperitoneum (4%), adrenal injury (4%), bowel injury (2.8%), major vessels (1.6%), pancreatic rupture (0.5%), gallbladder (0.5%), and other abdominal wall injury (0.5). The overall missed retroperitoneal injury rates in our study, highlighted by urinary system injuries, were as high as 72% (Table 6) . Despite the high rates of missed retroperitoneal injuries, only two of the 19 patients found to have missed retroperitoneal injuries were subjected to surgical intervention because of that injury: one patient had a pancreatic injury and one had a rectal injury.
Pal and colleagues found that CT is a good screening tool for bowel injuries in blunt abdominal trauma victims, since only two out of 87 patients with bowel injuries were missed by CT scanning (2%). 2 Our results show that US examination missed 25% of hollow viscus injuries, an issue that might be addressed by a delayed secondary US examination. As in other reported series liver and spleen injuries were the most commonly missed. 7 Most of the missed liver and splenic injuries in our study were of low grade, and no difference was demonstrated between patients with low or high GCS regarding the grade of injury.
A lower accuracy of the ultrasonographic examination in females compared with males was an unexpected finding that has not been previously demonstrated in the literature. Be- cause bowel gas and obesity are considered serious limitations to adequate US examination, 16, 17 the fact that adipose tissue may be more abundant in north American women than in men might explain this difference. 18 This study did not look at obesity parameters so firm conclusions cannot be made and this remains an area in need of further study.
The GCS is a fast and effective score in the evaluation of states of unconsciousness and coma. It was first developed as a grading tool for traumatic brain injuries and as a means to assess their chances of recovery. It later became widely used in evaluating central nervous system (CNS) lesions and states of consciousness in different situations. 19, 20 In 1978, Plum and colleagues described the importance of the GCS in nontraumatized patients. 21 Since then, it has been used for the evaluation of altered levels of consciousness and coma in a variety of traumatic brain injuries as well as in nontraumatic conditions such as drug intoxications, critically ill patients in the intensive care units, and other nonsurgical diseases. [22] [23] [24] [25] In our institution, the GCS is routinely calculated for each trauma patient upon arrival, with or without the suspicion of head injury. We hypothesized that lower GCS on admission, with or without brain injury, will correlate with higher ISS levels and hence will increase the probability of missing intra abdominal injuries by US. Although GCS was found to correlate with patient's ISS and base deficit levels, no significant difference regarding sensitivity, specificity, PPV, NPV, common missed injuries, and their grading was demonstrated.
Despite the lack of difference in these screening parameters, we found a significantly lower accuracy of the US examination in patients with a low GCS (3) (4) (5) (6) (7) (8) . However, this finding is not corroborated by other statistical tests which show equivalent sensitivity and specificity. Thus, the relationship between GCS and US reliability was not found to be linear. This suggests that ultrasonographic examination is a good screening tool for all blunt abdominal trauma patients, but one should be cautious with its interpretation in patients with a low GCS. A higher clinical suspicion should be maintained in patients with a low GCS and further imaging may be necessary.
